This study aims at investigating the influence of different heating systems generally used in Jordan on the levels of metal inorganic pollutants in house dust. Fifty samples from different houses in a rural region in Ajlune governorate (Jordan) were collected using commercial vacuum cleaners. All samples were sequentially extracted using the standard BCR (Community Bureau 
Introduction
Recently, a great deal of attention has been focused on the levels of contaminants associated with house dusts, particularly in light of the impact of high levels of some elements in children living in urban areas. [1] [2] [3] The potential for a trace metal in house dust to have an effect on a child's body burden of that metal has been demonstrated in the case of Pb. It has been concluded that a quantitative relationship exists between levels of Pb in household dust and blood lead levels in children. [4] Not only Pb, other metals such as Cd, Zn, Cu, Hg and Cr are frequently measured in house dust and urban soil samples. For instant, the 24-h urinary excretion of Cd is a biomarker of lifetime exposure, while the concentrations of Cd and Pb in blood reflect more recent exposure. [5] House dust is a product of the life style, it originates from the interaction of solid, liquid and gaseous materials produced from different sources. Common house dust  Corresponding author: e-mail: imomani@yu.edu.jo contains a mixture of particulates from indoor aerosols, pesticides, solvents, fungal spores, soil tracked in by foot traffic and traces of metals. The precise composition of a house dust sample is a function of numerous factors including indoor and outdoor source activities, heating sources and ventilation. The penetration of outdoor particles into the indoor environment has been shown to be a significant source of indoor particles. [6] [7] In recent years, a number of authors have suggested that elevated levels of some elements in household dust, garden soil and urban street dust pose a potential human health hazard. [8] [9] [10] [11] [12] In general, it has been found that higher concentrations of Pb and cadmium are present in house dust than in garden soil. [2] [3] Moreover, it has been demonstrated that the health effects of the elements in dust are dependent on their chemical speciation and partitioning within or on dust matrices. In Jordan, the vast majority of studies on the concentrations of metals have been carried out on total levels with little emphasis on chemical forms. [3, 9, 13] 
Experimental Samples Collection
The study area is located in Northern about 76 Km North West of Amman, the capital of Jordan. The city has a Mediterranean weather, rainy or snowy in winter and pleasant in summer time. In order to facilitate comparisons of the final results based on heating systems, all samples were collected at the end of the winter season from the same geographical region. This approach will reduce the influence of different human activities, traffic density and meteorological conditions on the final results.
House dust samples were collected using vacuum cleaners. Clean vacuum cleaner bags were used for collection and the vacuum cleaners were cleaned thoroughly before taking the next sample. Samples were collected from the top of For the determination of metals bioavailability, a four-stage sequential BCR procedure was applied. The BCR partitions the elements into four operationally defined geochemical fractions including exchangeable and acid extractable, Reducible, Oxidizable and Residual. Additional descriptions of the procedure can be found in relevant literature. [14] Analytical Procedure
Concentrations of 19 elements including Al, As, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, Sr, V, Ti and Zn were measured in all samples using a VISTA-MPX instrument with CCD inductively coupled plasma-optical emission spectrometry (ICP-OES). The procedure recommended by the manufacturer was followed during the analysis. In this procedure, the digested samples were directly aspirated to the plasma using a capillary tube and the emission readings for the measured elements were recorded for each sample. Calibration standards were prepared by diluting a 1000 mg/L multi-element solution (ICP Multielement Standard, Merck).
Quality Control and Quality Assurance
To get the net concentrations of the measured elements, the reagents blank was treated and analyzed using the same procedure as for the actual samples. The average contents of measured metals in the blank samples were less than 5% of the corresponding average metal content in the samples. The sample data were blank corrected to obtain the best estimate of each element in the collected samples.
Sample-to-blank ratio for the detected elements was greater than 3. This means that the blank subtraction does not have a significant contribution on the observed concentrations.
The accuracy of the analysis results were checked by periodic analysis of 
Results and discussion

Total elemental concentrations
In order to achieve the goals of the study, samples were collected from houses that use different heating systems. The heating systems that are commonly used in Jordan can be summarized as follows: outdoor diesel boilers (central heating), indoor combustion of natural gas (gas), indoor combustion of kerosene (kerosene) and indoor combustion of wood and/or olive residues (wood/olive residue). In addition, four reference samples (reference) were collected from newly inhabited houses in the study area.
Total elemental concentrations in dust samples collected from houses with different heating systems are presented in Table (1) . Obviously, dust samples collected from the houses using wood and/or olive residue for heating contain highest concentrations of all elements as compared to the other heating systems. Levels of Ca were the highest among all elements. For instant, the average Ca concentration in the wood/olive residue samples is 63461 µg/g followed by 12398 and 13118 for kerosene and gas samples, respectively. Calcium is the most abundant element in wood ash and gives the ash properties that are similar to agricultural lime. [10] Ash is also a rich source of potassium, phosphorus, magnesium and aluminum. In addition to these macronutrients, wood ash is also a good source of many micronutrients that are needed in trace amounts for adequate plant growth. Wood ash contains few elements that pose environmental problems. In addition, wood-smoke particles can make significant contributions of Zn, Mn and Cu. [15] Wood ash is defined as the inorganic and organic residue remaining after the combustion of wood. Ash is composed of many major and minor elements needed by the tree for plant growth. Since most of these elements are extracted from the soil and atmosphere during the tree's growth cycle, this may explain the relatively high levels of all measured elements in wood and/or olive residue dust samples. In this study, the levels of Ca, Na, Fe, Mg, Al, P, Zn, Mn, Cu, V, Cd and Co were the highest in wood samples as compared to all other heating systems.
The overall results for all samples from different heating systems indicated that the levels of measured elements were in the following order: wood/olive residue samples > kerosene samples > natural gas samples > central heating samples > reference samples. In order to assess the relationship between elemental levels in different sub-groups of samples, two-way ANOVA test was conducted. The results indicated that the concentrations of each of the elements under investigation in wood/olive dust samples were significantly different from those found in other subgroups and reference samples at 95% confidence levels. These levels are higher than their corresponding levels in either gas or central heating samples, and much higher than in reference samples. It has been reported that Cd is usually associated with the kerosene heater, and these heaters can also contribute to indoor Cu and K aerosol. [16] Chemical Bioavailability
Generally, elements are most toxic in the ionic un-complexed form. Bioavailable fraction, can be defined as the fraction of the total amount of a chemical present in a specific environmental compartment that, within a given time span, is either available or can be made available for uptake by organisms or plants, from either the direct surroundings of the organism or the plant or by ingestion of food. [17] Chemical Figures (1-4) . Associations of the elements under investigation in different phases show large variability depending on the origin of the dust samples. Copper: The speciation patterns obtained for Cu in the different dust samples are quite different. As it can be seen ( Figures 1-4) , although the proportions of Cu present in different fractions varied considerably, its association in the non-residual fraction was dominated by the organic phase followed by the Fe-Mn oxide phase.
Except for the wood/olive dust samples, the majority of Cu is associated with the organic phase. The percentages of Cu in the organic phase were 53.0%, 40.6%, The presence of Cu in the organic fraction is in strong agreement with that observed in many earlier studies in soil, sediments and street dusts. [19] The presence of Cu in the organic fraction is supported by the high formation constants of Cuorganic complexes. Scanning Electron Microscopy/Energy Dispersive X-Ray analysis done by Adamo et al. on polluted soils confirms also the strong association of Cu with organic matter. [20] The exchangeable (carbonate) fraction accounted only for a low percentage of Cu and varied from 18.7% in the wood/olive dust samples to 7.6% in the reference dust samples.
Cadmium: Large fractions of Cd were found in the carbonate phase. The percentages of Cd in the carbonate phase were 30.2%, 24.8%, 20.9%, 18.0% and 13.2% for the central heating, gas, wood/olive, kerosene and reference dust samples, respectively. On average, more than 20% of Cd was present in the carbonate phase, which is inconsistent with the findings of Kashem et al. [21] and El-Kammar et al. [22] Enhanced significance of the carbonate fraction in the present study is probably a consequence of the more alkaline and calcareous nature of the soil and dust in Jordan.
At higher pH, the substitution of Cd 2+ for Ca 2+ in calcite and the precipitation of CdCO 3 are expected.
Cadmium, as a constituent of motor alloys or in the electronic components and batteries of cars, is associated with motor traffic emissions. Because of cadmium impurities in zinc materials, cadmium also accompanies zinc oxides used in tire manufacture. [6] [7] This may explain the relatively high fractions of Cd found in the Fe-Mn oxide phase.
Nickel and Vanadium:
The speciation patterns obtained for Ni are quite different from those reported in literature for street dust and soil samples. It is well documented that Ni is mostly tied up with the organic and the residual phases. It has been suggested that a large portion of Ni in soils and sediments was detritus in nature.
Therefore, large fractions of Ni have been found in the residual fraction of soil, sediments and street dust samples [18, 20] .
In this study, considerable fraction of the observed Ni was associated with the carbonate phase (bioavailable). For instant, in wood/olive dust samples, most of the Ni was associated with the Fe-Mn oxide phase, followed by carbonate (27.8%) and residual (21.2 %). The percentages of Ni associated with the carbonate phase in all samples were 41.0%, 30.0%, 34.2%, 27.8% and 21.9%, for the central heating, gas, kerosene, wood/olive and reference dust samples, respectively. The same speciation patterns were also observed for V. These findings are in good agreement with those recently published for urban dust. [23] Nickel and vanadium come usually from fuel oil. [24] This may explain the similarities in the speciation patterns for these elements.
Zinc:
The distribution pattern of Zn in different fractions followed the order:
carbonate >> Fe-Mn oxide > organic ≈ residual. shows large variability depending on the origin of the analyzed samples. For instant, more than 50% of the Co is associated with the reducible fraction and about 35% with the residual fraction in sediment samples from Turkey. [27] However, for unpolluted soil samples from Spain, most of the Co was found in the residual fraction. [28] Remaining Elements: The remaining elements are rarely discussed in term of phase distribution. For instant, Na and K salts are highly soluble, and therefore, these elements are extremely bioavailable. Aluminum is associated mainly with the residual fraction. Its content in the residual fraction ranged from 68 to 93.4%. These finding are in good agreement with most of the literature, in which the residual fraction contains most of the Al [29] . Manganese is expected to associate mainly with the Fe-Mn phase.
However, the distribution pattern of Mn in different fractions was in the order:
carbonate > Fe-Mn oxide > residual > reducible.
Conclusion
The results of this study indicated that, dust samples collected from houses using wood and/or olive residue for heating contain highest concentrations of all elements followed by kerosene, natural gas and central heating. 
